IntroductIon
Population-level differences in health status and life expectancy are well-documented. 1 While most Americans die from heart disease, various cancers, respiratory disease, stroke and unintentional injuries, there are differences among population-level groups. 2 Adolescents and young adults are more likely to die from unintentional injury than middle-aged adults, and older adults are more likely to die from heart disease than adolescents and middle-aged adults. Based on National Vital Statistics for 2013, men have higher ageadjusted mortality than women for heart disease (10%), cancer (20%), unintentional injuries (40%), suicide, and chronic liver disease and lower for stroke (20%) and Alzheimer's Disease. 3 Mortality rates and causes also vary substantially by racial and ethnic classifications among men. 4 For example, mortality rates have decreased for all men in the United States, yet there are differences in this decline among racial and ethnic groups. 4 Moreover, Table 1 shows differences in specific causes of mortality among racial and ethnic groups of men that may result from both behavioral and biological processes and variations in exposure to social and environmental factors. 2, 5 Chronic kidney disease is one example of a condition that disproportionately affects all minority men compared with White men; yet, the two main risk factors of hypertension and diabetes can be controlled. 6 Another example is lung cancer that disproportionately affects African Americans and Native Hawaiians, even after adjusting for cigarette smoking intensity. 7 Health disparities research related to aging is the study of biological, behavioral, sociocultural and environmental factors that influence population-level health differences. This research has used a number of approaches to ascertain the underlying determinants of population differences. For example, differential exposure to stress has been identified. 8 Other factors, such as socioeconomic status (SES), access to quality health care, and health behaviors have been shown to influence health disparities for American populations, although racial and ethnic disparities in health have not been fully explained. 4 Older US racial and ethnic minority populations suffer premature morbidity over the life course, pointing to biological-environmental interactions that hold important implications for understanding mechanisms to explain health disparities. Better understanding of these population differences can lead to developing interventions, critical insights for new therapeutics and public health recommendations that may improve the lives of all elderly populations. 5 Thus, research designed to understand, prevent, and ameliorate health disparities should be a public health Objective: Development of a new framework for the National Institute on Aging (NIA) to assess progress and opportunities toward stimulating and supporting rigorous research to address health disparities. research priority. Institutions that protect public health by supporting biomedical research should support such research and assess progress toward achieving health equity by reducing and ultimately eliminating health disparities. Thus, one fundamental issue for these institutions is the development of approaches for the analysis and evaluation of health disparities research activities. This article describes a new framework that the National Institute on Aging (NIA) will use to assess progress in health disparities research. The first section describes the NIA's impetus for developing priorities in health disparities research. Specifically, we highlight the work of the National Advisory Council on Aging (NACA) and its Task Force on Minority Aging Research to review the NIA's health disparities research portfolio. Second, we discuss specific levels of analysis that are included in the framework, with hope that consideration of these levels will motivate research that elucidates underlying mechanisms that create and sustain health disparities. Finally, we present our framework to guide NIA's activities for assessing and evaluating health disparities research.
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nIA HeAltH dIspArItIes portfolIo revIew
The National Advisory Council on Aging (NACA) meets regularly to advise the director of NIA on its mission. In January 2012, NACA's Task Force on Minority Aging Research (TFMAR) launched a review of NIA's health disparities research portfolio and researcher training activities for diverse investigators. The purpose of the review was to evaluate NIA's progress in addressing priority health disparities areas. The review was launched by the identification of grants funded from 2002 -2011 that were coded as health disparities research, clearly studied a health disparities issue, focused on racial/ethnic minorities, low-income populations as primary study participants or were active in the training and recruitment of minority investigators. Nine-hundred eighty-five (985) grants were identified by this process, of which 694 were research focused (ie, were not training or conference grants). The threshold for identifying health disparities research projects was calculated based on the number of specific aims addressing health disparities relative to the total number of aims. For example, if one of four aims for a grant was devoted to this type of research, 25% of the total funding was considered to be devoted to health disparities research. Research grants needed to have a minimum of 10% content dedicated to a health disparities research issue to be included. The vast majority exceeded this threshold based on an independent review of a random subsample. Health disparities research grants represented a modest proportion of all relevant NIA grant awards from 2002-2011 (3.8%). a. P01, research program projects; P30, research program -exploratory projects; P50, research programspecialized center; P60, research program -comprehensive center; R00, research projects -transition award; R01, research projects; R03, research projects -small research grants; R21, research projects -exploratory/ developmental grants; R37, research projects -method to extend research in time grant; R43, research projects -small business innovation research grants; R44, research projects -small business innovation research grants (phase 2); R56, research projects -high priority short term research award; RC1, research projectschallenge grants and partnerships program; RC2, research projects -high impact research and infrastructure grants; RC3, research projects -biomedical research, development, and growth for new technologies; U01, cooperative agreement -research project; U13, cooperative agreement -conference grant; U24, cooperative agreement -resource related research projects.
ing program project/center grants (P01, P30, P50, P60), independent discrete research projects (R01) and exploratory and developmental projects (R21, R03). During the review period, the proportion of NIA grants that were relevant to health disparities research varied by funding mechanism. For example, of all grants focused on health disparities research, almost 58% were R01 funded grants, 13.6% were R03 funded grants and 12.3% were P01, P30, P50, and P60 funded grants. NIA-supported health disparities research grants were also categorized by focus area, including: 1) biology of aging; 2) Alzheimer's Disease; 3) factors producing disparities in old age; 4) factors producing disparities throughout the lifespan; 5) interventions to improve health; and 6) research to inform policy. The types of grants funded by each NIA division, based on these categories, are shown in Figure 1 . The majority were focused on population, social sciences and individual behavioral processes. NIA's Division of Behavioral and Social Research supported the greatest number of health disparities research projects. These findings motivated NIA's TFMAR to propose recommendations for stimulating health disparities research across the NIA.
At the NACA meeting in January, 2013, it was recommended that the NIA regularly examine national data relevant to health disparities, encourage Aging Biology research that informs health disparities, and develop an integrative, conceptual framework to guide health disparities research. This framework should convey health disparities research with an age-related, multidimensional lifecourse approach, and focus on factors operating through specific levels of analyses that are: 1) environmental; 2) sociocultural; 3) behavioral; and 4) biological. The development of this framework was considered to be important for identifying gaps, opportunities and progress in health disparities research at the NIA. 
NIA Health Disparities Research -Hill et al nIA HeAltH dIspArItIes reseArcH frAmework
The NIA Health Disparities Research Framework was developed through an iterative process by the authors with feedback from TFMAR members and NIA extramural staff. The framework (Figure 2) represents an effort to organize factors examined in health disparities research related to aging. This framework is important to the NIA for at least three reasons. First, the NIA Health Disparities Framework highlights fundamental factors that determine priority populations for health disparities research, identifying race, ethnicity, socioeconomic status, disability status and gender, sex identity as important to all levels of analysis. Second, the vast range of factors that potentially influence health disparities demand an organizational structure for tracking progress and identifying areas of need. While we note that the various columns of the framework may be organized differently, our purpose is to provide a broad representation of the many factors that should be considered for health disparities research related to aging. Third, the identification of factors at multiple levels of analysis provides the opportunity to better delineate causal pathways, linking environmental, sociocultural, behavioral and biological factors to health and disease. Finally, a consideration of multiple levels of analysis broadens the scope of our search for malleable targets for intervention, aiding in our efforts to ameliorate or reduce health disparities in the aging population. 
Environmental
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The factors that determine health of any population -and health differences between populations -can be viewed as occurring at environmental, sociocultural, behavioral, and biological levels. 9 The sections below provide descriptions of each of these levels of analysis and include examples of relevant factors for health disparities research related to aging.
Environmental
An environmental level of analysis encompasses a broad spectrum of factors, including exposure to heavy metals and small particulate matter in segregated residential communities that threaten population health. 10 Other exposures such as poverty, crime and violence could influence the health of some populations disproportionately and may be related to structural factors that are geographic and political. 11, 12 In this case, residential segregation that limits opportunities for social mobility constrains some population groups to risky physical environments. 13 Immigrant population groups present a unique case, as many immigrants have a healthier profile on entering the United States. Some immigrants experience downward social mobility because they are unable to use the skills they had in their home country, and the acculturation and assimilation process is often not linear. However, populations of immigrants living in ethnic enclaves generally report better health and less stress than their counterparts in other neighborhoods, even with a high proportion with limited English. 14 Environmental factors shape opportunities that could influence social class. Socioeconomic status (SES) is the intersection between education, occupation and income 15 and can be shaped by important geographical and political factors. In this case, a quality education is needed to obtain gainful employment. Structural bias by race, ethnicity, immigration status and social class may influence local economic support for public schooling. 16 Quality indicators such as teacher credentialing, rigorous academic counseling, connections with colleges, universities and school building deterioration are influenced by local tax bases that are linked to residential segregation. 16, 17 Inadequate educational preparation may weaken chances for college entrance and needed professional training to enter the workforce. High levels of unemployment, underemployment and employment dissatisfaction may result, restricting important resources for protecting health. One very important resource for protecting health is access to quality health care. 18 While health care availability and quality are critical for accurate diagnosis and treatment of disease, this resource may be influenced by residential segregation that affects health insurance, quality nursing homes and availability of hospice care. 19, 20 For example, immigrant populations that migrate to the United States and experience residential segregation may endure barriers to health care because of lack of insurance, not being eligible for government programs and limited access in their area. Furthermore, many immigrants suffer misdiagnosis of disease because of limited English proficiency, numeracy, health literacy and cultural awareness or styles in communication. 21 
Sociocultural
Group norms, beliefs, values and collective responses are important for considering the impact of environmental risks on population-level differences in health status and life expectancy. 22 In the United States, the "American Creed" is an ideology that shapes important collective beliefs about rugged individualism and the importance of high effort performance to obtain important resources, such as power, wealth and optimal health. 23 However, a focused lens of American society highlights the existence of many population groups that have endured historical trauma that may influence shared experiences and beliefs about the authenticity of the American Creed. 24 Population-level beliefs, attitudes and norms may be shaped by ethnic tradition, migration processes and collective group responses to structural bias that hold important implications for health disparities research. 25 Sociocultural factors theorized to influence health disparities include cultural norms, values and social mobility. The inclusion of these factors in the framework emphasizes both the importance of social factors for population health and collective responses to environmental factors that threaten health. First, cultural factors are influential in determining the impact of environmental risks such as inadequate health care and criminalization on population health. 25 These cultural factors affect vigilance and confidence that individuals may summon when faced with limited access to health resources. For example, while African Americans have endured chronically low SES, 26 struc-
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tural bias and inadequate access to quality health care, 18 this population group has historically created and participated in productive networks of exchange and support. These networks are particularly important for individuals facing harsh circumstances such as unemployment and illness. 27 Investigating sociocultural factors related to this type of group resilience is important for health disparities research related to aging.
Sociocultural norms and values also impact individual-level self-concepts, perceptions, and cognition. 28, 29 In addition to self-concepts, social identity and perceptions of bias shape individual behavior and may impact both interpersonal relationships and interactions with social institutions to compromise health at the individual level. For example, individuals may identify negative interactions with clinicians to be culturally insensitive, perceive restricted access to quality health care as institutional racism, and view this hardship as discrimination. 30 These perceptions may shape important individuallevel decisions that further impact health status and life expectancy.
Behavioral
Individual behaviors and psychological processes represent major pathways by which environmental and social exposures impact health. Adverse environmental and sociocultural exposures can tax individual capacity to maintain control and equilibrium, resulting in states of perceived psychosocial stress. 31 Individuals differ in the resources that they bring to handle these challenges. Certain psychological capacities, such as problem-solving skills or emotional regulatory strategies represent a spectrum of coping behaviors that can be used to manage demand. 32 For example, problem solving behavior motivates individuals to identify and respond to threats. This includes processes like taking direct action, cognitive reframing and seeking social support. 31 Individual attitudes, including optimism, pessimism, and sense of control can also serve as additional risk or resilience factors that shape encounters with social and environmental stressors. 33 Similarly, quality and types of social support in an individual's life can serve as a buffer or threat to coping under stressful challenge. 34, 35 Behaviors, including health behaviors, represent a more direct approach to coping with stressful challenges. Engaging in some behaviors may help regulate emotional responses to social or environmental threats and elevate feelings of control. 32 Some of these, such as physical activity, meditation or prayer and social engagement activities such as volunteering may actually be helpful to a certain threshold. 36 Others, like tobacco use, alcohol abuse, illegal substance abuse and poor nutritional habits may ignite processes that ultimately diminish health status and when enacted over the lifespan, comprise healthy aging and reduce life expectancy. 37 For example, research finds that populations that live in chronically stressful environments, and engage in coping behaviors such as smoking cigarettes, drinking alcohol in excess, and eating poor quality food in excess, also had higher reports of cancer, stroke, hypertension and heart attack. 38 In the case of tobacco use, there is unequivocal evidence of harm when used even in small quantities and in fact, secondhand smoke causes disease as an unintended consequence. 7 However, for other behaviors with potential adverse consequences, a vexing issue for health disparities research related to aging is to consider these behaviors along with biological processes that impact population health.
Biological
Ultimately, we are interested in the pathways that environmental and sociocultural factors -often transduced through psychological and behavioral processes -become biologically embedded. Health disparities research should prioritize biological processes that help explain mechanisms of observed differences in disease incidence and outcomes that are most relevant for populations that suffer premature mortality and endure harsh environmental conditions with exceptional resilience. 39 For example, once stress is perceived, the brain's hypothalamus sounds an alert to the adrenal glands indicating a need to respond to a potentially harmful threat by the hypothalamus-pituitary-adrenal axis (HPA). As a result, the adrenal glands produce cortisol that replenishes energy stores depleted by the initial adrenaline rush. The HPA ultimately determines whether the stress will be handled by physiologic response or by HPA overload. 40 Chronic HPA overload may lead to poor health outcomes such as diabetes mellitus, depression, asthma, and chronic fatigue syndrome. 39, 40 Chronic stress linked to harsh
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environmental conditions may influence key aging processes such as cellular stability and telomere stability. 41 Telomeres are chromosomal regions that protect the ends of chromosomes from being recognized as DNA damage. The accumulation of genetic, DNA damage throughout life is believed to be central to aging. 42 One important question is whether this genetic damage may be accelerated in the face of chronic stress. Rapid attrition of telomere regions has been used as a marker of accelerated aging and mortality risk, providing a gauge for premature development of diseases such as aplastic anemia. 43 Telomere shortening leads to a durable dismantling of the cell cycle. This phenomenon, also known as cellular senescence, can be triggered by factors such as DNA damage. 44 Cellular senescence can affect the innate arm of the immune response by the active secretion of numerous cytokines and other pro-inflammatory molecules. 45 Moreover, cellular senescence disrupts intercellular communication, which is important for the endocrine and nervous systems to function properly and regulate the inflammatory processes for tissues. 46 For example, challenges to intercellular communication disrupt the normal secretion of hormones to the bloodstream. This may be especially important for groups of individuals that experience harsh environmental and social arrangements that are perceived as stress, which is handled through various forms of coping behavior that may spark these biological processes to accelerate aging, undermine health status and reduce life expectancy.
The epidemiology of the leading causes of death in the United States by race/ethnic groups reveals striking differences that are not fully explained by the environmental, sociocultural and behavioral factors. 42 For example, diabetes mellitus is wellknown to be more prevalent among most minority groups, especially Latinos, but there is a clear difference in observed clinical outcomes by race/ethnicity among persons with diabetes that is unexplained. Within a large health care system, Latino, African Americans and Pacific Islander patients with diabetes had 30% lower rates of myocardial infarction, stroke and heart failure at 10 years but a marked increase in the rate of end-stage renal disease relative to Whites. 47 In the case of cancer, differences in incidence vary by race/ ethnicity by 30% to 50% for breast, prostate and lung cancer. Recently, a protective polymorphism for breast cancer was identified that is present almost exclusively in Latinas with American Indigenous admixture. 48 Moreover, other research finds increased survival for racial and ethnic minority populations in the setting of several chronic diseases, suggesting potentially important biologic resilience factors that may protect health. 49 However, a recent systematic review found that genome-wide studies contributed scantily to our understanding of racial health disparities in cardiovascular disease. 50 Hence, it is important to clarify biological factors along with all of the other previously cited levels of analyses when considering health disparities research related to aging.
conclusIon
The promise of NIA-supported health disparities research depends largely on scientific rigor that builds on past findings and aggressively pursues new approaches. 51 This research should encourage contributions from multiple disciplines and promote integrative investigations. 52 Moreover, new directions for health disparities research should include multiple levels of analysis, specifically those that are environmental, sociocultural, behavioral and biological. 9 NIA-supported projects such as the Healthy Aging in Neighborhoods of Diversity Across the Lifespan Study (HAN-DLS), 53 the Midlife Development in the United States Study (MIDUS), 54 and the Health and Retirement Study (HRS) 55 provide data that permit these types of analyses. Moreover, NIA-supported investigators are developing interdisciplinary teams to move in this direction. [56] [57] [58] [59] The NIA Health Disparities Framework provides a landscape for stimulating multidisciplinary approaches, evaluating research productivity and identifying opportunities for health disparities research related to aging that may ultimately achieve health equity. 
NIA Health Disparities Research
